Identification of the critical extracellular matrix proteins that promote human embryonic stem cell assembly.
Human embryonic stem cells (hESC) exist as large colonies containing tightly adherent, undifferentiated cells. Disaggregation of hESC as single cells significantly affects their survival and differentiation, suggesting that adhesion mechanisms are critical for the assembly and maintenance of hESC colonies. The goal of these studies was to determine the key extracellular matrix (ECM) components that regulate assembly and growth of hESC. Our studies demonstrate that undifferentiated hESC express a specific subtype of laminin (laminin-511) and nidogen-1. The addition of a purified protein complex comprised of human laminin-511 and nidogen-1 to single-cell suspensions of hESC is sufficient to restore hESC assembly in the absence of murine embryonic fibroblasts or exogenous chemicals. The mechanism of hESC aggregation is through binding of the alpha6beta1 integrin receptor highly expressed in the membranes of undifferentiated hESC; aggregation can be inhibited by an antibody against alpha6 and almost completely blocked by an antibody against the beta1 subunit. Reassembly of defined numbers of purified hESC with the laminin-nidogen complex allows consistent production of uniform embryoid bodies (EBs) ("LN-EBs") that differentiate into endodermal, ectodermal, and mesodermal derivatives, and are highly efficient in generating hematoendothelial progenitors. These data reveal for the first time the crucial role of the ECM proteins laminin-511 and nidogen-1 in hESC assembly, and provide a novel practical tool to investigate hESC differentiation in a xenogen-free microenvironment.